Summary Cytological studies on 4 Sterigmostemum species of St. ramosissim, um, St. incanum, St. sulphureum and St. acanthocarpum showed the presence of 2nϭ2xϭ14, out of which the chromosome number of St. ramosissimum is new. The chromosomes were mainly metacentric or sub-metacentric ranging in size from 2.62 mm in St. ramosissimum to 5.50 mm in St. sulphureum and St. acanthocarpum. The species studied formed mainly ring and rod bivalents as well as univalents in metaphase of meiosis I, but a low value of quadrivalents were formed in the Firoozkooh population of St. sulphoreum and the Tehran population of St. acanthocarpum possibly due to the occurrence of heterozygote translocations. Clustering and parsimony analysis of cytological data showed close affinity between St. incanum and St. sulphureum, supporting morphometric and seed protein studies results.
Sterigmostemum species mainly grow in the Northern hemisphere, and the Irano-Turani region is their center of diversity. Rechinger (1968) reported 9 species of Sterigmostemum in Iran while Léonard (1980) excluded S. purpurascens from Sterigmostemum and transferred it to the new genus Petiniotia as P. purpurascens. Subsequently, Jacquemoud (1988) retained this species in Sterigmostemum, but as the subgenus Petiniotia. Morphological and anatomical studies (Sonboli et al. 2005) led to the recognition of 5 species in the genus Sterigmostemum, confirming Léonard's exclusion (1980) of S. purpurascens and its transfer to the genus Petiniotia as P. purpurascens.
Very limited cytological studies are available in the genus Sterigmostemum and those available only report the chromosome number of a few species and no karyotype or chromosome pairing details have been provided (Aryavand 1976 , Polatschek 1971 , 1983 , Maassoumi 1980 , Al-Shehbaz & Al-Omar 1983 , Carrique and Martinez 1984 . Therefore the present study considers karyotype and chromosome pairing analysis in the 4 species of St. ramosissimum (O. For karyotype studies, freshly grown root tips were collected from the seeds of at least 10 randomly selected plants in each species and pretreated with 0.002 mol 8-hydroxyquinolin (1-2 h).
Squash technique was used for cytological studies and karyotype details were studied in at least 5 well-prepared metaphase plates as reported earlier (Sheidai and Rashid 2007) .
The chromosomes were identified according to Levan et al. (1964) , karyotype symmetry was determined according to Stebbins (1971) , while other karyotype parameters like total form percentage (TF%), coefficient of variation (CV) of the chromosome size, as well as A1 and A2 indices of Romero-Zarco (1986) , were also determined (Sheidai and Jalilian 2008) . In order to reveal significant difference in the size of chromosomes, the analysis of variance (ANOVA) followed by the least significant difference test (LSD) were performed on the size of chromosomes, the size of the long arms and the size of the short arms as well as the arms ratio among the species and populations studied (Sheidai and Jalilian 2008) . Moreover, principal components analysis (PCA) was performed to identify the most variable karyotype characters.
Meiotic studies were performed on young flower buds collected using minimum 100 metaphase I/diakinesis pollen mother cells (PMCs) and 500 anaphase and telophase cells for data collection (Sheidai and Rashid 2007) . Pollen satiability as a measure of fertility was determined by staining minimum 1000 pollen grains with 2% acetocarmine : 50% glycerin (1 : 1) for about 1/2 h Round. Complete pollens which were stained were taken as fertile, while incomplete, shrunken pollens with no stain were considered infertile (Sheidai and Rashid 2007) . c 2 test was performed to detect a significant difference in chiasma frequency and chromosome pairing as well as meiotic abnormalities (Sheidai and Rashid 2007) .
The species relationships based on cytological data was studied by using different clustering methods including UPGMA (Unweighted Paired Group with Arithmetic Mean) and Neighbor Joining (NJ) and ordination plot of principal coordinate analysis (PCO) as well as parsimony (Sheidai and Jalilian 2008) . Statistical analyses used NTSYS ver. 2. 2 (1998) and PHYLIP var. 3.66 (2000) software.
Results

Karyotype features
The species studied showed 2nϭ2xϭ14 chromosome number (Tables 1 and 2 , Figs. 1 and 2), supporting earlier reports on St. incanum, St. sulphureum and St. acanthocarpum (Aryavand 1975 , Polatschek 1971 , 1983 , Maassoumi 1980 , Al-Shehbaz & Al-Omar 1983 , Carrique and Martinez 1984 . The chromosome number of St. ramosissimum is new.
The chromosomes were mainly metacentric or sub-metacentric, ranging in size from 2.62 mm in St. ramosissimum to 5.50 mm in St. sulphureum and St. acanthocarpum (Table 1) .
The ANOVA and LSD tests revealed a significant difference (pϽ0.05) for the total size of the chromosomes, and the size of the short arms and the long arms among the species and populations studied. PCA analysis of chromosome size showed that the first 2 factors comprise about 84% of total variance. In the first factor, with about 51% of total variance, the size of chromosome pairs number 2, 3, 4, 5 and 6 as well as the size of the long arm in chromosome pairs the number 4 and 5 possessed the highest positive correlation (rϾ0.90) while in the second factor, with about 32% total variance, the size of the long arm and ratio of the long arm/short arm of chromosome pair number 6 possessed the highest positive or negative correlation.
Pearson coefficient of correlation determined among the size of chromosomes showed the highest value of positive correlation for total chromosome length (rϭ0.73-0.97), while a lower 
Chromosome pairing and segregation
Meiotic analysis also showed the presence of 2nϭ2xϭ14 in Stregmostemum species studied, although we found some plants in the Uremia population of St. incanum showing 2nϭ4xϭ28 (nϭ14) chromosome number (Table 2, Fig. 1 ). Such tetraploid plants were not used for further chiasma frequency analysis.
The Khoy population of St. incanum showed the highest mean value of total and terminal chiasmata (8. 80 and 8.56 respectively) , while the Uremia population of this species showed the lowest values for the same (5. 72 and 5.48 respectively) . The highest value of intercalary chiasmata occurred in the Firuzkooh population of St. sulphoreum.
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Fig. 2. Idiograms of Sterigmostemum species studied
The species studied formed mainly ring and rod bivalents as well as univalents in metaphase of meiosis I, but a low amount of quadrivalents (0.10, Fig. 1 ) occurred in the Firuzkooh population of St. sulphorum and the Tehran population of St. acanthocarpum. c 2 test did not showed a significant difference for chiasma frequency and chromosome pairing among Stregmostemum species and populations studied. In almost all the populations studied, chromosome segregation was normal but in some of the meiocytes, laggard chromosomes and chromosomes stickiness were observed during anaphase I and II (Fig. 1) . The species studied showed high pollen fertility (Ͼ0.98%).
B-chromosomes (Bs) of 0-1 were observed in St. sulphureum (Fig. 1 ), which were much smaller than the A-chromosomes, round in shape and did not pair with the A-chromosomes.
Different clustering methods and ordination plots obtained based on cytogenetic (karyotype and meiotic) characteristics studied produced similar results also supported by cladogram of parsimony analysis (Figs. 3 and 4) . St. incanum shows more similarity/relationship to St. sulphureum, while St. acanthocarpum joins them with some distance. St. ramosissimum shows cytogenetic difference with the other 3 species studied and is placed far from them. 
Discussion
Results of ANOVA and LSD tests indicate the role of quantitative genomic changes in the Sterigmostemum species diversification, further supported by PCA results showing that chromosome pairs number 2-6, the long arm of chromosome pairs number 4-6, and the ratio of the long arm/short arm of chromosome pair number 6 are the most variable karyotype features among the species studied.
The lower value of Pearson coefficient of correlation obtained for long and short arms of the chromosomes and also the negative value for the chromosomes arms ratio indicate the occurrence of structural changes in the chromosomes due to translocations, inversions, etc., which is further supported by differences observed in the karyotype formulae of the species studied.
The almost normal meiotic chromosome pairing and bivalent formation observed in the Sterigmostemum species studied is what we expect from diploid taxa, but quadrivalents observed in the Firuzkooh population of St. sulphorum and the Tehran population of St. acanthocarpum indicate the occurrence of heterozygote translocation between 2 pairs of the chromosomes. Such chromsomal structural changes may increase the amount of genetic variability in the gametes by forming new genetic linkage groups which may be used for adaptation to adverse environmental conditions.
The presence of tetraploid plants among diploid plants in the Urmiya population of St. incanum may be the result of recent evolutionary (genetic) changes in this population as tetraploid plants have not migrated to new localities yet. A possible explanation for the production of tetraploid plants may be the occurrence of unreduced gamets in this species as the species collected grow in different geographical regions and no evidence of interspecific hybridization exists in Sterigmostemom species studied. Frequent occurrence of 1 or 2 quadrivalents in tetraploid plants may further support such an assumption.
The absence of significant difference for chiasma frequency and chromosome pairing among Stregmostemum species and populations may indicate that no significant change has occurred in the number of genes controlling chromosome pairing. Variation in chiasma frequency and localization is genetically controlled (Quicke 1993) and has been reported in populations of different species (Rees and Jones 1977) . Such a variation in the species and populations with the same chromosome number is considered as a means for generating new forms of recombination influencing the variability within natural populations in an adaptive way (Rees and Jones 1977) .
Close affinity of St. incanum to St. sulphureum, followed by St. acanthocarpum, based on cytological data is also supported by morphometric studies (Sonboli et al. 2005) . Therefore it seems that cytological studies in the genus Stregmostemum may be of taxonomic value for species delimitation and in showing the species' relationships.
